Two “what if” experiments  by Ptashne, Mark
Cell. Vol. $116, $71-$72, January 23, 2004 Copyright ©2004 by Cell Press 
Two "What If" Experiments Commentary 
Mark Ptashne* 
Sloane Kettering Institute 
New York, New York 10021 
Three perspectives are better than one. And it has been 
over 15 years since the two papers under discussion 
were published--a long time to remember who was 
thinking what. So the three of us (Roger, Jun, and I) will 
have three separate goes at reconstructing the events. 
For over 10 years, and through the early 1980s, our 
lab had concentrated on gene regulation in phage 
lambda. By 1985 we had clear ideas for how lambda 
regulatory proteins bind DNA and turn transcription on 
and off. Would these ideas help us to understand how 
eukaryotic transcriptional regulatory proteins work? Un- 
like in the lambda case, eukaryotic genes are wrapped 
around histones to form nucleosomes; the DNA is se- 
questered in a nucleus; and, in higher eukaryotes, tran- 
scriptional activators can work "at a distance," i.e., when 
bound to sequences many hundreds, or even thou- 
sands, of base pairs from the target gene. 
It could have turned out, I guess, that the principles 
of gene regulation in higher organisms would turn out to 
be fundamentally different from those found in lambda. 
Perhaps a new mode of binding to DNA was required, 
for example; perhaps activation at a distance requires 
special functions not represented among the lambda 
regulators; and so on. I found these ideas unpleasant. 
And in any case, isn't it better to see how far what we 
know will take us than to assume new complexities? 
We picked the simplest eukaryotic example we could 
find: the Gal (galactose utilization) genes of yeast, the 
organism introduced a few years earlier to the lab by 
Lenny Guarente, Sandy Johnson, Bob West, and Roger 
Yocum. Addition of galactose to growing cells dramati- 
cally induces transcription of the Gal genes, an effect 
mediated by a single transcriptional activator, Gal4. 
Gal4, we learned, binds to DNA some 250 base pairs 
away from its target genes (Giniger et al., 1985; West et 
al., 1984; Guarente et al., 1981). Did Gal4 recognize DNA 
in some new way, i.e., in some way not illustrated by 
the lambda regulatory proteins? How did activation at 
a distance, in this case 250 base pairs, work? 
To understand our frame of mind (mine anyway), here 
is a brief summary of four key concepts extracted from 
the lambda studies as of 1986 (Ptashne, 1986). 
• DNA binding. The lambda repressor binds without 
dramatically changing the structure of DNA. The pro- 
tein is both an activator and a repressor of transcrip- 
tion, and so neither of these activities requires DNA 
conformational changes. Where a repressor binding 
site overlaps a promoter, repressor turns off transcrip- 
tion by excluding RNA polymerase. 
• Transcriptional activation. Activation requires some- 
thing else: a protein-protein interaction between re- 
pressor and polymerase molecules binding to adja- 
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cent sites. This surmise was prompted by the 
existence and properties of so-called pc (positive 
control) mutants of repressor. These mutants bind 
DNA normally but do not activate. The residues 
changed in these mutants lie on the surface of repres- 
sor that, according to model building, contacts poly- 
merase binding to the adjacent promoter. We later 
called the region of repressor that contacts polymer- 
ase its activating region. (Guarente et al., 1982; 
Hochschild et a1.,1983). 
Cooperativity. Repressors bind cooperatively to multi- 
ple operator sites on DNA. The effect is mediated by 
a simple binding reaction--a touch as we used to 
say--between the DNA binding repressors (Johnson 
et al., 1979). Gene activation could then be seen as 
an analogous reaction: contact between the activator 
and polymerase would mediate cooperative binding 
of the two proteins to adjacent sites on DNA (to an 
operator and promoter, respectively). In effect, the 
activator (in this case lambda repressor) would recruit 
the polymerase to the promoter. 
Modularity. The repressor comprises two domains. 
When separated, each domain retains its functions: 
the amino domain binds DNA and carries the activat- 
ing region, and the carboxyl domain contains sites 
required for interactions between repressors. (Pabo 
et al., 1979; Sauer et al., 1979). 
Roger had been on the scene observing many of these 
discoveries about lambda. His lambda lab mates in- 
cluded some formidable personalities: Keith Backman, 
Lenny Guarente, Ann Hochschild, Sandy Johnson, Tom 
Maniatis, Russ Maurer, Barabara Meyer, Carl Pabo, Bob 
Sauer, Robin Wharton, Cynthia Wolberger, Rick Bush- 
man, Ann Astromoff, and others. But rather than joining 
this crowd (members of which came and left during 
Roger's extended stay), he toyed with another bacterial 
repressor (LexA, as he explains) until his big moment ar- 
rived. 
Roger's experiment (Jun's, too) was of the "what if" 
variety. What if Gal4 worked just like lambda repressor 
(in its guise as an activator)? What if, that is, Gal4 binds 
DNA and, using an activating region, contacts the tran- 
scriptional machinery and thereby recruits it to the 
gene? What if Gal4 were modular, carrying different 
functions on different domains (in this case the DNA 
binding and activating regions)? And what if there were 
nothing special about eukaryotic DNA binding do- 
mains--perhaps even a simple bacterial DNA binding 
domain (in this case that of LexA) would work just fine 
in a eukaryotic cell? 
These what ifs came together in the simple experi- 
ment: a fusion protein bearing the LexA DNA binding 
domain attached to a carboxyl fragment of Gal4 is a 
powerful activator in yeast (and, we now know, in higher 
eukaryotes as well). Specificity is determined by the 
DNA binding domain: the fusion protein works only on 
genes bearing LexA sites introduced nearby. The soon- 
to-follow paper by Keegan et al. (1986) showed that 
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Gal4's amino domain bound DNA but did not activate 
in the absence of the carboxyl portion of the protein. 
Roger's experiment left open the possibil ity that gene 
activation in yeast was not effected by simple binding 
interactions as in the lambda case. Perhaps, for exam- 
ple, Gal4's activating region was an enzyme that modi-  
fied (and thereby literally activated) polymerase pre- 
bound to DNA. Indeed, examples of such kinds of 
activating regions are known in bacteria (see Ptashne 
and Gann, 2002). 
Enter Jun. He was spurred on (I think) by several new 
ideas in the air, including the finding (Gdffith et al., 1986; 
Hochschild and Ptashne, 1986) that lambda repressor 
molecules (two dimers in this case) bind cooperatively 
to operator sites separated by up to some 200 base 
pairs, with the intervening DNA looping out to accommo- 
date the reaction. What if even activation at a distance 
might be effected by a simple binding reaction? Se- 
quence gazing, and an expedment by Hope and Struhl 
(1986), hinted that eukaryotic activating regions might 
resemble protein signal sequences- -many different se- 
quences, all bearing some common (if poorly defined) 
aspect, might work. 
Jun hit the jackpot: he found that many different pep- 
tide sequences, each bearing an excess of acidic resi- 
dues (along with some crucial hydrophobic residues, 
as was later realized by Regier et al., 1993), work as 
activating regions when attached to a DNA binding do- 
main. These acid blobs, as they came to be called 
(though, as Jun explains, that was not his term), presum- 
ably could not be little enzymes. 
And so, despite the blizzard of proteins involved in 
gene transcription, gene activation per se (i.e., at which 
gene transcription ensues) seemed to be mediated by 
simple binding reactions readily incorporated into the 
world as revealed by lambda. An array of disparate ex- 
perimental findings later reinforced this view and pro- 
duced a description of gene regulation that resonates 
with that of many other biological regulatory processes 
(Ptashne et al., 2002; Ptashne and Gann, 2002). 
I thank Ann Hochschild, Alex Gann, Sandy Johnson, 
Lenny Guarante, Roger Brent, and Jun Ma for some 
helpful reminders and comments.  
References 
Giniger, E., Varnum, S., and Ptashne, M. (1985). Specific DNA binding 
of GAL4, a positive regulatory protein of yeast. Cell 40, 767-774. 
Griffith, J., Hochschild, A., and Ptashne, M. (1986). DNA loops in- 
duced by cooperative binding of lambda repressor. Nature 322, 
750-752. 
Guarente, L., and Ptashne, M. (1981). Fusion of Escherichia coil lacZ 
to the cytochrome c gene of Saccharomyces cerevisiae. Proc. Natl. 
Acad. Sci. USA 78, 2199-2203. 
Guarente, L., Nye, J.S., Hochschild, A., and Ptashne, M. (1982). 
Mutant lambda phage repressor with a specific defect in its positive 
control function. Proc. Natl. Acad. Sci. USA 79, 2236-2239. 
Hochschild, A., and Ptashne, M. (1986). Cooperative binding of 
lambda repressors to sites separated by integral turns of the DNA 
helix. Cell 44, 681-687. 
Hochschild, A., Irwin, N., and Ptashne, M. (1983). Repressor struc- 
ture and the mechanism of positive control. Cell 32, 319-326. 
Hope, I., and Struhl, K. (1986). Functional dissection of a eukaryotic 
transcriptional activator protein, GCN4 of yeast. Cell 46, 885-894. 
Johnson, A.D., Meyer, B.J., and Ptashne, M. (1979). Interactions 
between DNA-bound repressors govern regulation by the lambda 
phage repressor. Proc. Natl. Acad. Sci. USA 76, 5861-5865. 
Keegan, L., Gill, G., and Ptashne, M. (1986). Separation of DNA 
binding from the transcription-activating function of a eukaryotic 
regulatory protein. Science 231,699-704. 
Pabo, C.O., Sauer, R.T., Sturtevant, J.M., and Ptashne, M. (1979). 
The lambda repressor contains two domains. Proc. Natl. Acad. Sci. 
USA 76, 1608-1612. 
Ptashne, M. (1986). A Genetic Switch. Cambridge, Massachusetts 
and Palo Alto, California: Cell Press and Blackwell Sci. Pubs. 
Ptashne, M., and Gann, A. (2002). Genes and Signals (Cold Spring 
Harbor, NY: Cold Spring Harbor Laboratory Press). 
Ptashne, M., Gill, G., and Brent, R. (2002). Modularity of Eukaryotic 
Transcription Activators (http://www.ergito.com/main.jsp?book_ab 
brev = gtexpts&chap_aso =2&xect_aso = 3). 
Regier, J.L., Shen, F., and Triezenberg, S.J. (1993). Patterns of aro- 
matic and hydrophobic amino acids critical for one of two subdo- 
mains of the VP16 transcriptional activator. Proc. Natl. Acad. Sci. 
USA 90, 883-887. 
Sauer, R.T., Pabo, C.O., Meyer, B.J., Ptashne, M., and Backman, 
K.C. (1979). Regulatory functions of the lambda repressor reside in 
the amino-terminal domain. Nature 279, 396-400. 
West, R.W., Jr., Yocum, R.R., and Ptashne, M. (1984). Saccharo- 
myces cerevisiae GALl-GALl0 divergent promoter region: Location 
and function of the upstream activating sequence UASG. Mol. Cell. 
Biol. 4, 2467-2478. 
